mwwmtt (jp> 02) & ^§ !f£ §^ & $| (a) uMmm&mm 

#^2001-101011 
(P2001- 10101 1A) 

(43)&HB ¥ftl3*Mm3B (2001.4.13) 

(SDlnta 7 «WB*t FI f-V3-h*(#*) 

G0 6F 9/45 G0 6F 9/44 3 2 2A 

322B 



(21)fflH#U 


*$H2000-221307(P2000-221307) 


(71)tHKA 


591064003 








• v-f ^n->x?A^ • -f y^—SU 


(22)ffleB 


¥dtl2<p 7 if 21 B (2000. 7. 21) 




—7~v H 








SUN MICROSYSTEMS, IN 


(3l)«5fc«B£S#^ 


60/145 136 




CORPORATED 


(32)ffjfcB 


¥j*ll¥7E21B(1998.7.21) 




7*y*£#B 94303 *U7*;^7 


(33)«5felS£SS 


*H (US) 




¥\ ' AO T^b T>b--t D 


(31)»fc«Bi$#^ 


09/540576 




-H-901 




¥J*12*£ 3 £31 P (2000. 3. 31) 


(74)WIA 


100096817 


(33)«jfe|fci3BS 


*B (US) 




# S f : E+ML #« (*2«) 











(54) 59ty#:/n to^x^V-* 



(57) [S#>] 

[MM] JDWPilfi7"ob3;l^Otta^tTft 
KSSItt £3rf 6 J: 3 *7 n y hxy H 3- H fc A y ? 
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1 

yh'x^'ytfToT^A^ ^CtJUTIittJIft 
^ZtzWrrffiX'h^X , 

U 

rafSttS^t 7oy hxy KfA'7*'7n/5 A& 

pfe7 d y hxy HfA' >y H?xi7v A{i35 l <o(RSv 
mia^oy hxy H^^ /^'To^vAgp^i J a v a 

imsm i t&gg 1 ^sm^imx-h -> x » 
Yxbh. fm. 

nmm 6 1 warn i ifi»?)7jSn:-£> t . 
x-hh. urn, 

imsm] mim6affi.<7>i5mxh~>x. s^tc 

HTML3-K££j£1-£ifc. 

15127 oy hxy H7o/7 A fc iffB^-y HTn 

Mfl7"oh3/l/£. ffiffl njmrf £ £ fc . tllifc* 
ft. 

ffia^^ttatc J: ^xm^zixfrmmmru v ?mz 

W^SJ^^oybxyFT^-ytf-fy^-^x-X 
h t *<9 ?iyb'fA'7 ^'x-i/x y M y?-7 
i-^a-Htj. anjwtc^-r &t2tt>(Dumx'$> -> 

X. 



(2) ^200 1-1 0 10 1 1 

2 

fflE7ay Fxy b*rA- y #3- Kfcmfie^^ <r ?iy H 
x^'-ytfx-y'x y F 3- Fc«£i>ttSiigfl7"n F 3 

miz-viSx^-fmmixmmiszttmzffix 
Kie^ttsi*^B>rie7oy hx y fta*.? $a y 

7x-X3-F££j£U 

mS^tt^A^ffE^'-y KfA' 7 #x-i/'x y 
10 My?-7x-J*3-h'££jS.-f§,r^ £fi;t*:;£r 

[S*«l 3 ] ff:£Jgl 2iem<7)^rffiT'J)oT. 
Buie^oyhxyHx^'-y^y^-yx-xa-N'tt 
J a v a 3- FT* 0 . lufgA'-y ?xy Hf^7 #X- 

m&&imizmmmx'$>z>. am. 
imxm 1 4 ] ^« 1 3iEK<7)7j^-cs>o-r . 

BufEiiftT-n h a Mi J a v afA'y 7*7 A t/n h 3 

20 1 5 1 mzmmra h zMzft Lxm&&z 

J: ? &7oy Fxy KtaV^ y x -x 
iawt^-tSfc^rjytjL-^ro^^A 

J^To F aivttm: 3- Fxi 
#>c7)3 y tT a-^ro^A^- F t . 

- K vx ^ &f llffl L Xffisffl&T Q F 

30 

KfSttfil*^ 7 ay hxy HfA /^'>f y ^—7 x— x 
a y f i— ? 3— f y t jl— ^ n- 

fluiEttfilA^^N'y ?xyh'fA'7 ^ y^-7 x-X3 

y e 3- 4i^-r s^y>o3 y e 3- h 
[M*« 1 6 ] fg^js 1 simmwx'&^x. $ ^ 

40 HTML3-F$-^-T^>t^c7)3ytrjL-^3-H 

irnmi7] mmisssm^mxb^x. 

|ijfe3ifl7*P h 3;Ki J a v afA 7 ^*7-f t7n t- 3 

[ if«« 1 8 j ittamro h nMzn txmrn.* 

Its i o &7 oy hxy k^n'/^ y^-7x-x 
3 - H i: A y ^ xy HfA ••/ *M^-7x-X3- H 

fcSr. iiftW{c4«-ti.Jty)03ytr J .-^>-XTA-c 
b->x. 

50 7"Q-fe yiri:. 



(3) 

3 

[0001] 

[&BJJ<9Jgtl>&f&#»] Cc0^(i s «{LTnyt A 
-?V7hV*T<r>miZfflL. mz. WsHtiM (form 10 
al specification) V7 h«7xTrjy^— *y b-£ 

[0002] 

[fiE*tf«tB] Java (g^ffig) fA'7^7>ft7 
Ohn;l/ ( J DWP : Java Debug Wire Protocol) (J 

^XxAXe7)§g|ffifre;&S ) it. T't ytfTTV-}-- 
is-iybJ avafSM^^y r-VM) Offi? 

wm*'fioti#><vTnv-i)vx'hh „ j dwp zmm-t 
^h^m^yu^xf.z^xm^mh.^h. Jav 

a (2lii§fl) <ora^5 5 ViTrTV*—is a yit. 
8* Sr^Sr & ^- H "7 x TT y >y Y 7 * - A^jT ^ 

u-f- 4 yyisXT-uzm^xmk-th z tmmtt 

3l^£J:S^-y^x^A?)i§^L **# 
— 7h7t -A±T*S J; ? fctSH-SfiTis 0 . 

S TT y ^-i^ a yW^^K / ^t - * - £ **T'# 5 . 30 
[0003] 

o 3 j a v a/n/7 5 y^wn-ciB^ 

JDWPc7)'i7rl^yX|^ (reference implem 
entation) X'ii. 7D>M>' K<0fA'7#3Wf-^. 
yha*JavaTf2j*£*U ^-^yhVM^ft^ 
•y?xyF ■ V7TU>xmg& i CX'§mZtlX^Z>. 

\,*Tti<7)3-Yi>mm%7n vw\4mizmmi-x^& 

0 . o Witf 'j7rW>^fA*qF 40 
ggfc&S. o29, 7n>'M>'HJ:A'7?iyH<r)a 
- HcSfctt#S> 0 . flora F n;Hfc8&£*r L 

[0 0 04] Wf5t±. f^f^T^'x^F^*- i-'*y 
YVlV—ZT (OMG : Object Management Group) tfffl 
SfcLfcCORBA (Common Object Request Broker Arc 
hitecture) <7>~&X-i>&4 y?-7x-XJg«WfS 
( I DL : Interface DefinitionLanguage) W<OX 0 

iz. Tv*zffl/*7i;x?Yffimm(r>iimzmii-h so 



^2 00 1-1 0 10 1 1 
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tz#>l,zlp£t&i><7>T$>&. ZtibrnMBHaymfr 
ZtLX (tth*>IDL-iy/W y{Z^X3VJU)l 
ZtlX) . MUcOfyJ TVWA YntzMzxfzf 
i. tlXV-'W Y<7)fzibl l zx<!rjl,Y>$:Ztl?tl 
LfpLZclr t> . z\<r>£o%wmit. 7ohn 

?y$m%T*v # =»- Y<r>*mzft o mog^* mm 

Lizt^X'im^. 

[000 5] &->T. f^»^fe»«7D>'M>I« 
a-FiUtfAy^xy F'n-F5\ Bffl=5:ttai*^S 

[0006 ] 

[isei^jB^-rs^^g^i^^iB • a*] * 

mili. J DWPSIftTn F rJ/H&TH >?-7x-X 

F n- F*> ±1/^ -y ? xy k 3- F £ mmiz£j&t h 
1z#yvm*W&$&. 5fe-f. 7t?yFxy Yt*/9 

m7*Yw\s:mzwm-z>. &^x\ nmcomxm 

•$h. ~r&t. MftiA^ai»C7nyMyF3 
-F^'^SixT. Java7n/7Sy/Hf«® 
lcoaytA-^aigT^aia?.., 3-K 
^x^l^-^tioTAy^xyFa-h'j&J^jR^n 
X. cm^^cnnyv^-fWmxmZTL&ixh. 
[0007] j&mtZ *>lz. Aj&sfaRrttSrTo h 3 
*tt«W«3*t*/Uf» HTMLn-h'Srfli^UTt^ 

[00081 

9mt5£vmmx'Zzj:oiz-tht:Mzm»izti. %m 
%izi. ^xzitiiztittmizmf-tzwzm&vB 

{4. f KDM-7i/yH$57oyhxyH(7)fA'7 
tfTafyAb. Sfl2<D<5,«-?vy±£7tS>K.y:?xy 
Fc7)xA.y ^*x-^'x y h7-o^5A , eo^amr 
Dha;^'jg5tf±«tcJ;oT^StLS^-C 7oy 
r-xy K7n/7Afc A -y ^xy K7n/7 ACOSBtt 

mbixm%izwt>frx'bz. 
[0009] *m\x-te. ^y\z3.-9 : sXTUzmh 
ztix^&T—?*®.mh. i««3yta-m 

^u-^ay^fOffl-fS. ,iix^co5j-^->- 3 y 

v^wct), m. \m. tizvzottwm 

m^m%wR£t:i±wm^coBzm&ntimifiX't> 

h. XmKry-^ZZ-fZti^X^U-i/ayii. ^ 

£mz. m<it&. HEhith. v&L-th. acmth. 



5 

&mmt^m*m%m&frt>. t'-yh. «. mm. 
z. zti^&xxmMmmtf. ±x 

[0010] *&HB(44fc. ±»Ufc3r^-S/a VSr 

(c <to$Rfl:§^3ytA-^^xrA^fii^-r4 

[ 0 0 1 1 ] 0 1(4. 3«fiBB^HaiBB»fc«-9Trn 

1 0 0 2r^L/vr^n-/^St'J.4. Iltlt m\^> 

3>-e A -^yxfA i o 0(4. £iT£9ff 

Vkt>Wtti6) 10 2**tr. -34 9CPU102 

^rH-fiEfiS^XTA-m. C P U 1 0 2^7P^5v^ 
WX'foh. ZWXdZi'X'r&X'ii. rn/5T/A* 

5 *r r *«ciMB6Btf5^^-71*i-C4«![ Sit* .CPU 
10 2(4. rjytfjL-^^XrAl 0 0WI/-ya 

y^jffli-rsiafflT^^ra-tyrcfts. cpui 

[00 1 2 J CPUI 0 2(4. 0 8£tf-L 

x. ffimt*7vybrr?*.x*v) (ram) 

1 <r>-Wm l 0 4 fc3WWWfc*«S*u ffl^(4iax 

O^ffl^^r'J (ROM) T*l»®2<7)-»JBigTg«£l 0 
6(c»Jin6lWfcfteS*iTV»*. mwiofc:. 



(4) *3fBB2001-10101 1 
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Kmf*0T-9 ZftttitZ MZi>im+l Z b tfX-Z 
*. -<WE*104l44fc, CPU10 2±Tfl*rT& 
7o±Xcot:fr<7MnT-tt5£V : $i'$< l ztotX . To 

mximf&zbhX'Z. mmt. xw&ioai. 
x'T-?&£Vft$*Mijmizmmmtz<7)izmi 

Ztih. Ht<JWaK>J:3fc. -#121110 6(4. 
10 PU10 2*W®|g^Ht&tl,<?D(3ffiffl-r47 ; -^t> 
10 4,1 06(4. Mifcf. T-^T^-bX<0#^r(6]tt 

zbffTZZ. cpuio2(44£. 

1 1 0rt?)3i3!(;:#5£S*i6T-?£. ftS§.o#ft 

[0013] Kont^ne&Asseieai 1 1 2(4. 

3yti-^-/XfA l 0 0 (cSiror-^EWMfc 

0 2fc**iW4fc»ij5ttri^fc«RSiiTV^. 0!i 
(1*. HRfcCD-ROMfcLT»6*i*K05*L»Ilgar 
*§fi!B«§!g(4. C P U 1 0 2 fcftJSrfllWfcT-* £ 

3i&at?e>ftm?&'). 70x1^^x^x^(4. cp 

U 1 0 2 tttliWtf-^ £31 £ »Ti b 4 . 
EttSSZl 12(44*:. B»r-7\ 77 7^t 
U. «£ittfca#&4*ifcm#. PCa-K. 

-^EH8E**flflW-6 fctfVCfc 0 . JSffl^'X 1 1 4 £ 
^ LT C P U 1 0 2 icjJttrrtWfcJBKSfiT V ^ . ±® 
JUBttl 1 6<D&i>tt?lfi<J&0!lfc LT. ;v-Kt4*? 

-&IB1I104, 1 0 6^<7)T^-feXiO*)fiaT-S>S 
(MmifrZ'foh. XBMBMLl 12,11 6(4. CPU 

1 0 2(cJ:6T?7M y^rffiffl*^§ixTt^^jiln^) 

40 isii 112, ii 6rtt:«sa*3*iTv^flia*-aeEit 
104 (0«;lI4*ram ) ff>~9»iirrvms»b IX 

[0 0 14] »U1 14(4. CPU10 2*»4>E« 
<i>W^XTAfcJ:lXII®(4. ^^^^ 1 1 8fc«t 

t/r^7°^i2 0. ryy^i2 2. *7h7-^y 

50 -X126. -9-^^K^-Fl 28J3J:tfXK'-^l 3 
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[00 1 5] ^vYV-JA y?-7x.-Xl 24(i. 

cpu io 2*\ w*ztifz*-y hv-nmz&imL 

dt^S. CPU102I1 ±j£L;^V>y F&Jg£l£ 

is-*ryxtLxmtihztifif><. mm. mm. 

?yX7\M0 0£7l^*-yh7-7{Cg^U r- 

z.-xti-Ytmmsxnv'U x. tsxvc 
p u i o 2 i o mztizmmv r 

BMte. CPU10 2±^THtf§tLTt^V^L. 
^-*7h. A yhy^ y £jt(±n 20 

-tf/pxirr^y h»7-:?^*y h7-?£»t. *S 
s^^iwtftffl-ts^nc p u h LTHis^nT 

•y NV-^-f ^-7i-Xl 24?:^LTCPU 1 0 
[0016] ffiB&AtflTJT^X-f ^-7i-X 1 2 
-f. y^-7x-xti0. cpui 0 2li. 

^^07*^ ?-y^-8jfcrr-rXTW. H^yXf^ 

[0017]CPU102 fCttlSt. n-tf^Kx 1 3 
4«M/t*- !tf-K3>M3-51 3 2Wmm2tiX 
V^. =Sf-;K-Knyhn-7l 3 2{±. *-#-Fl 
3 6£izte*4y?138frt><D*Jlt:%mi. 
-Fl 3 6t^(i4f-<y^l 3 8*^<7)t3-H^c7)^ 40 
y^$rCPU 1 0 2£i£€t&£i»*7)k<OTj>6. # 

[0018] *^<7)iitt^J®«$ 4>{c. a^co^ >e 

>K3.-mim&izmt&. ?yv*.-?mL r )*im 
9 isXT-Mzwrn^h z ttfX't h . tm<r>T-? 50 



#ffl2 001-101011 
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iitgmx$>z>. ay\z J --?wm r )^fmm>i:VT 

kVmkZtvtzh<7)X'&<. h&Wi. nytjL-^y 
7h?xT^^l?^tmn<D{><9-et&v\ 

E3 -ye 4X4X7, JK^T-r^i7)Mm«^. CD-R 

oMr-fx?*??^^ %yxi",\z 4 xtmom 
wm&. %hmzT7v*- : s*vmii<r)imm 

(ASIC). ^^VTTHWHtB ( P LD ) . R 

-fwmwmz-wi. ftWj&zi^xtm&xx/ 

mz&A,X'^&„ 
[0019] 3**fc««.*«5f «fc 5 fc. ±iELfc>v- K 

kvm&x'hh. ^m^imtzmt^m^y^^ 

v\ ^t'J^i08, ffljRrtxi 14. iiitf 

Whmmmmm<nmwh%&i><?>x-hh. mt&v 
AT 779 1 2 OtC puzmmt&fzMzmi-f&z 

fc* 5 T'#S„ milz^Zti&^yVjL-fisXr-Mi. 

*%m^<7)W8izmiti3 y t yxfAiM9c 
-^r-^rx^ f-r i mmzmm-t h z t tfxz & . 

[0020] -HSBgSttJUT. *^Bti. HSciz J 
ava77 >y A^-X^lir-^x^^-vS: 
H^L^aytjL-^xX^AtciifflprfigT'&O. -eo 

ava75 >y X<F>W$7—5: ; T J 7^*t\Z 
m%mibmiZtlZ^T\3&\,\ Z<r)Java77 
•yh7*-J><-X<?)T-*T71-*li. iF^LV^Jfe 

Java777h7*-A|y|ll ^<W^S7>f7* 

Javafef^yy (VM) ^-rS^fc^T'S^. Cl 
Oittf). ^<^ST-=3f7-7f-^c03S(@>'X7 i A±i& 
^Tl.^7n/7AJ. T^'y^-rS^^tS^T 

JSl^ffiT'^-y y h v-X-rAJr^N' y ^-C^ S i 0 . 
HHlKtt. ^ixfcti^OrjytfjL-^^XxAi^-f 
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2alZ?ikZtL&£ol l Z^ Java/77h7t-Af^ 
•ytfT-^-T?^ ( J PDA) fct 3OC0ffl^r<7)>fy 
?-7 x-X£5£*t6 £ 1 J 0 U-i»VT>^/ 7& 
XX/V^-h^y^i^-hLX^^. Java7 

T'J y-i/ a y<04o£B$Kffiffl$ft6-ffl<?)4 y?-7 
x-XSfitStWJ>5. JPDAti. Javar 
>9—7 3.—X ( J D I ) Javaf^7 
/Wtro>a;MJDWP) fc, JavaiKg-7^ 10 
yfA'7/>f^-7i-^ ( JVMD I ) 

[00 21] JjaLfcSOHMfctttvc. mioayv 
a.—? i"XT&±.T\m 1 <T> J a v ai&gV^y ( V 
M ) ±£ J a v a Wy . ±iB UitHSfi^ffiT 

O^K3L£#?6WC'<OJavaVM£. 04 

WOJavaf^V^ y^— 7x- X ( JD I ) 

£HS-f 6 7oy hxy k=j y,-l?-*y h ( JBrrat 20 

D l<7)7 : 7'il"yVX'foh. T^-y^c (debuggee) 
(±. T'*-y7£tlX^h7v-tXT$> t ) . ^ yyZtl 

t>-£X^&m20)J avaffiM^isyt^ rrtyfJiy 

MflU ^'J^xxht^ttSt-x^yx^^nyh 30 
JavaT^y^V^TohrJ/M JDWP) 
ava{SllV^yT''^-y^'f y^-7x-X (JVMD 

I ) &Wfttt J ?*v*vvibm&t&. 

[ 0 0 2 2 ] H2 bl202 a fc»RLTV**#. *?&HJi 

S2ooft!niWriy^-^yh*%$iiTV^. -IfKo 
2o<7)jejD<oiia3y* , -4.yhtt. 7oyhxynj 

OWPffltyj.-/!/ (processing module) t$£W* 40 
7?i^H J DWPJ&8*ioL-/l/rS>.&. *W»fcJ: 
&T/W#Tnh3/i^'x*l'-?{i s 7oyhxyK 
fcit^W ?xy Kto J DWPjag*: y 
&Cli:£B&<7)lofcLT^&. 02b(CJp$ixT^S 
ii3y#-*yMi. <yr*W^)l^l^ffl^atf 
ZtWX'*&m*m:riy-X--*yYX'hh. 7oyh 
xy Kii J; W^y ?xyWh7 yx#— htya-^ 

h ^y xx- ij-xj^i t> cof&s . 

[00 23];«J:at:Lt. Javar77h7t- 50 



#112001-10101 1 
1 0 

ArA-y#7-*x? 7^14. 02ai>J:tf®2bfc^ 

3*i6J:dt. S'J^tKgil$ixS3o<7)>fy^-7x- 

#0^.-X££t,S£"?&'f y^-7x-Xl^^^S 
ffiU W=JE5tT7 ; A yXfT7°'j7-->' 3 y$-#< <> 
Mtmizwob. JD i{47Dybxyh't|^|$iii, 

1 0 0% J a v a7*7 v h7*— -k<7>f y?-7x-X 

X'S> 0 . > vf KA-THHWsJ: If y ?xx h ^satta 
*><?>T'&6. JDPA«/77^^a-f^y^-7 
x-xtco^ttJLTtv^y^^i, c:60U-^;uSr 

[0 0 24] JVMDH^-7i-Xli, -fAy* 
VMtcioTl^^iiS^x-r 7-3-hM y?-7x 
-xxfoh. JVMD I -i y^-7x-xii, r^'y^ 
£0it<6tVM*«^tt^<T(i^^^V^-b*X^SS 

u issl t?^3 y. nxxmw^m^^xv^ 
tf. fA'7^tto(:VM>f y^-7x-x?rtg^rs 

i:. JPDAtffiScOVMl^&T^^yrS^i:^ 
*T#gfc &6 . ?x> Ftt&*4 -f 7*3- KT*&» 
fitwctJlV^ g§tt. f^7^ff:itVMt-t' 
X££ffl-f SfAvW- h 3- FfcHfrt* tf7 
F o -y ? * c^fi^M^ L < t# 5 i t im 

t>tlX^h. 

[0025] JDWPI1 7ayhxy^A 7 ?iy 
YtrttSKttZtihWti&itf}) 72.x hcr>7 =r-v 
•yNSr^-TS. JDWPIi. 7^-- v-yb^^Wfg 
^iWWte^i-Scotffiffl^s h 5 yxx- 

(ipc) ff>mn±m^tix\^\ vt-7 >-'j 
Tfi&A y. ^^^E'j^^sh^yx^-h^^ 

Cifct J; 0 . T^>y^fJ3iV7*^*-yXr<07oy hxy f* 
S-gil^c7)VM|^j3j:V/*^{ir7'y h7=r- A±T 

x5:^-fS^i:t=J: , ). 7oy Fxy J a v af 
^13l^WgT\ A V ?xy K Sr^-f ^ 7"n- K 
(-r^r*>*> J a v afS3- K ) T'-?-n-fixS< i t *' 
TfTfigfc^S. ^ifc-fy^^x-x^'^ffl^n-CV^^ 
J VMD M y^-7x-^tl«U<^WM 
^y^^{±J DWPSr^LTT^-feXJrtlfit-rsc: 

[00 26] 3^<r>m«o~>4 y?-7 x-xzmfc?h 

dfcfciO. Java7*77h7t-AfA'7^r-^ 
x^^-^-f^i)^ JPDAIi. tj&&?T'*v tii/XT-A. 

iz^miti^ffim^^mLx^. *mM. *y 

^-7i-XCD3t*fk^|SlS. ^r^t/tJDWPI^^ 
tfc»tS1ga^7"5 ■/ h 7 *-AStJitfTn^7 5 y 

J D I ma XV J VM D I ®lit£*J-<7)7W5 $ yj/>f 
y^-7x-XT'fcS^i6. SMtttJJ:t«t«lW)ISSB 



(7) 

1 1 

[oo27] m&&ti£vicmLmmi3.. ssntoa 

7oyhxyKJDWPJiraii; A -;KJav 
awfS^o^xyFUH^-^fc&i,) b. 

H^lo-mr&S ) k. robn;Uftai<7)HTML3t» 

io 
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1 . Title c f I a t e c i i c n 
DEBUCGEH PROTOCOL GEmATOJ 

2. Chime 

1. A me tltcd fcr adoring ccmpat ibil i ty between a formal spec ificaticn 
: a frcatcad debugger prcgram, asd a bad-tad debugger program *bicfe in 
terfates witb a debtee system, the Eetbcd comprising: 

inputting a forma! specification into a cede genera Igi; 
utilizing the cede generator tc parse the formal s pe c i f ica i i en: 
generating a front-end debegger progiain pert i g n frcro the forma! specif 
i c a i i o a ; and 

generating a back-eai debagger program portion from the fcraial specifi 
ca I i cd . 

2. The method of Claim 1, Therein tie frcnt-esd debagger prograE ruas 
cq a first virtual machine. 

3. The method cf Claim 2, »&e r ein the front-end debegge: pmgraiL port 
ica comprises J a t a programming iaagoajre cede. 

4. The oeihcd of Ciaic ! ; whe^eia tee bacfe-eari defcuggei prcgram direc 
1 1 7 controls and c omnia!} i t a t e s w i r b a secoad ?:itaai ffiachioe- 

5. The method cf Claim 4 : wserein the back-eni debugger program pcrti 
oo comprise J C language cede. 

6. The method cf Claim 1. wherein the forma: g pec i f i ca t i c a is a }ava 
Debug Wire Protocol specification. 
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7. The metlcd cf Clainr6, fo:;i>e: ccEprisiig geoeraii&g HTML rede that 
CGQiains a kninaD-readab; c dc sc i i p : i c d cf the pictccci specification. 

8. \ [retried cf Ciairc 1 fnrifcer ccmpiisisg tnihilng a comrau b i c \ : i en prci 
cccl between ibE frcnt-end prngranj anc the bark-ccd prcgrain. Nereis t b e 

ccnunan i ca { i C5 prcrcec! is defined by the fcrmai specification, 

9. The rrethed cf Claim 1 T wherein the fcrmal specification if wri'iien i 
n a declarative I a egnage . 

10. The rafthed cf CIsie 8. vhereir; the c eras; a e i ca t i c c prGtccc! is a Java 
Debag Wire Pre? cec I . 

11. The method cf Ciaitc B. firmer csrtp'isi&g generating HTML cede [rem 
tire forma i specification that cc&taias a fe aic2 n readable descriptiDE cf 

the ccmniEn ic it : cn prcteccl deiiaed b? :"ic fentai speci ficat ice . 

12. 3 ffiethed for aEtcmaticaltj generating irect end a e bagger interface 
cede aad haes-ene debsgger a n t isterface esse 'hat are both compatible 

vitfi a c cnifDTj nrcaticc pictscci. :he met bed csmp-isin*: 
writing a forma i i pec i f i ca i i c s file that contains a description cf a c 

ciHicnfli cat ion prctccci betveeo the f rent -end ie bagger code and the baefc-e 

ad debsgger agent cede: 

iopetiiag the fcrmal specification file iotc a cede generator: 
alilizing the cede ge aerator to ? a r E e the fcraa! spccificatioi: 
generating the frcnt-cna debugger interface code free th: fcrmal spec! 

fication; and 

generating the bad-end debugger agent interface cede frcm the formal 
specificities. 
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13. The metocd cf Claim 12, Therein the f mj c t - e d d debegge; interface cc 
de comprises j a ? a cede, the bacL-ead debagger agent interface cede ccmpi 
iscs C cede, and tbe fcrirai spec i f ica t isa comprises a specification lang 
uage . 

14. Tbe methed cf Claifr 13, wherein the ccnune s i e a t i 02 protocol is a ] 
373 Debug Wire Prctcecl . 

15. A computer readable medicre including c cmpo t c 1 program cede fcr ae 
tcreatically generating heat-end debugger interface cude aad back-end de 
begger interface cede that are both ccmpatiblc with a c sniiriED i c a i i Q n proi 
cccK the computer readable medium c cm prising: 

computer prcgram cede fcr inputting a fcrmai prctcccl s pec i f i c a I i 0 b into 
a code generator; 

computer program ccse fcr otiiizin? the cede generator tc parse the fc 
x aia 1 protocol specification; 

computer cede for generating front -en a debugger 1 are: face comparer ccd 
e from the specification; asd 

compote: code fcr generating baci-eed de bagger interface com pater cede 
f r cm the specification. 

16. The median cf ciaim 15, farther ccmprisiag compute: cede for gene 
rating HTML cede containing a fcumas-reaiab i e descriptica cf the comntaaic 
3 t i 0 a prctcccl. 

17. The mcdiem of Ciaim 16. wherein the cercrnan i c a t i o 2 protocol is a J 
a*a Dcbag Wire Pre iocal . 
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a processor; and 
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3. fieiai led Desct iptioo cf 


I 0 V C 3 I 1 C A 








Tbe present in7eQt icD reia 


t c S generally 


t c toe 


field c f ccmpe te 


r soft* 



are, aori mere particular!? to prclccc! ge Be rating scftware fcr general in 
g scftware ectDpcttecis \zsm a Icrmai specification. 

Tbe Java It radema :k) Debag '^ire P;c;cccl (JD^P) [J jva (t r aderaa rk) a 3d re 
lated marks are trademarks cf Sen Mi c r csr s terns . Inc.) is a prctccc". fcr 
eenmon icat ing between a debagger application sad a Java Virtual Macbiee 
(target VM) . By imp I emen t i ng the JDWP T a dtbegger e ao either wcrk in a 
different process en the same cGmpnier. sr cb a reiccie computer. Since 
J ara (trademark) programming applications mar be impieneotcd acres? a *id 
e fariet? cf different hardware platforms aad operating b j s : em s . the ]W 
P facilitates remote debagging across a m ! t i -pi a t f cm system, fn enctr 
ast, many prior art debugging SF.-Lems are designed tc too ca a single pi 
at form and mast genera!? * debug only applicaiioas mooing ca the same cr 
similar pi a r. f o rm. 

Typically, a debugger applica:ico is * : i 1 1 c s in the J a ? a programming 1 
aogoage and the target side is written in native code, fa a reference i 
mplemeBtatico of JD&'f. a Ircnr-eod debnggcr component is vritteo in j a 73 
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aod a back-eid reference imp 1 erne n t a t io n fcr the target VM it written id 
C. Beth pieces cf cede need tc be compliant with a detailed prctccol s 

peeif ieati en, cr tie reference sysieit i^ill fail. What is needed is seme 
mechanism tc assure that belt tbe f : o n t - e i a ace b a c k - e a d cede porticos 

are tiolj compatible with the prolccd 5 pec i f i ca t ten and with each ether 

Languages eiist fcr tbe spec i f icat Icq of i ater- prcce £ ?/n b j ec t ccbidbdic 
atioc. such as tie Interface Defioiticn LaegGagt (1DL) which is part of 
tbe Common Object leqiest Broker Aichllecttre CCORBA) . derelcped b? the 
Object Management Group [OMG) . These languages are compiled (i.e. by ao 

IDL compiler} tc predate ftBbs for the client side cf ccmrou n i ca t i c c a do 

stcIetGBS for tie server side- Bc*evc: T suce langcages are cot directe 
d tc the problems assccjatcd wjtt generating pr ctcccl compliant debugger 

cede . 

Therefore, it weald be desirable tc fme method fcr generating bcth th 
e front-end cede aad the back-end cede fcr a debsgger director from a de 
tailed specification. 

The present indention prcTides a net hod fcr aet onia t i ca 1 i Y geaeratiag f 
re at -end cede and back-eao code iha: arc both c catp a t i b I e with an inter fa 
cc specification, s?cb as tbe 1DWP c emma d i c a t i o □ s pr ctcccl. First, a de 
tailed protocol specification is written that contains a description cl 
a ccmaianicat teas prctccci beiweea the front-coa and the back-end . The d 
eta i led specification is then input into a code generator that parses th 
e specification. The front-end code is :beD a a t cma t i c a i 1 J generated frc 
m the formal specification, and ma? he written in a first ccmpnter langu 
age snch as the Java pr eg r aami n g language. The code generator then gene 
rates tbe back-end code, which may be written in a second computer laogo 
age such as C 
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The present invent icn -may farther generate HTML cede containing a hnma 
o-readablc descripticn cf the protccci specification. 

The following description is presided tc eoable any person skilled in 
Ike art tc make and use the iaventien and sets ferlh the best modes cent 
emplated by the inventor fcr carryiog est the inveDticn. Varicns mcdifi 
caticos. hc*e*er. will regain readily appajen: ic ihose skilled in the a 
rt. since the basic principles cf the present invention hare teen define 
d heiein specifically to provide a method lc* assuring ccmpatibility bet 
wcca a front-end de bagger program miming en a first virtual machine and 

a bacl-cod debugger agent program rnncing en a second ? I r t a a 1 machine, 
wherein a comma a i c a t i on s protect! between tbe frcnt^cod program and the 
back-eod program is defined by a forma! specification. 

The present i Event ion employs varices c cmpci er-imp I caen i ed cpeia lions 
involving d a c a stored in ccmpoter systems. Tnesc chelations incicde, bn 
t are dci limited tc, these reqniring physical ma d i pa 1 a t i c n cf physical 
qcaniil ies. Usually, tkengh not necessarily, these quantities take the 
form cf electrical cr magnetic signals capable cf being stored, transfer 
rcd T combined, compared, and otherwise manipulated. The operations desc 
ribca herein that form pan cf the invention axe uSefnl machine operatic 
as. The manipulations performed are cfteo lef erred tc in terms, such as 
T producing, identifying, roneing. d e t e rm I n i ng , comparing, executing. d>c 
wnloadifig. or detecting, fx is seme limes ccn:euica: r principal If fcr le 
asens of common usage, tc refer io these electrical or magnetic £ : g b a 1 s 
as bits, uUes, elements, variables, characters, data, or the like. It 

she aid remembered, ncweier, that ail cf these and similar lerms are tc 
he associated »ith the appropriate physical quantities and are merelj to 
nvenieot labels applied tc these quantities. 
Tbe present inveiiton also relates to a device, system er apparatus fo 
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r perfuming the a f cr«ment icocd epentiens. The system may be specially 
ccnstTECied lor the required purposes, cr it may be a fenerai perpese c 
cupotci sclcctirclr activated cr configured by a computer prcgr am stored 
in the ceiputer. The piccessef presented above are not lEberentlj r e I a 
ted tc any particular cca-pster cr ether computing apparatus. In particul 
ar f varicos genera 1-parpcse computers rta? be nscd *ith programs written 
in accordance with the teachings herein, cr, a i i e r na t i *e ! y : it may be mc 
re ccoven i ent tc construct a mere specialized ccmpnter system tc perform 
the reqa i red cperat iens . 

FIG. 1 is a blcck diagram cf a general pcipesc ccmpfiter system IOC sui 
table fcr carrying cot the prccessiag in acccisaice with cr-e embcriiisen: 
cf the present indention. Figire 1 illustrates cue ercbc i ime o t cl a gene 
rai purpose computer system. Other compiler system architectures and cc 
DficeriiicHE can be tsed for carrying cnt the processing cf the present 
ifl7eaticn. Ccmpnier system 106, maze ap cf >a:icss subsystem* described 
belew, includes at least one nic rcprccessci subsystem (also referred to 
as a central processing aoit, cr CPU) 102. Thai is. CPU 102 can be imp 
iemeoted by a single-chip processor cr by multiple piccesscrs. it shot! 
d be acted that in rc-ccnf ignrabl e comparing systems. CPU \Qi can be dis 
tribute;! amcegst a group cf p io g : a man b 1 1 logic devices. In socfi a sjsU 
m, the prcgr ammabl e logic devices can be reconfigured as, needed tc cenct 
cl the operation cf computer system 100. In this *ay ; the nun i pa i a i ; cn 
cf input data is distributed amcngst the g : g cp cf programmable logic de? 
ices- CPU 182 is a general parpese digital processor which controls the 
operation cf the computer system 1 0 ft . Using iastractiecs retrieved trc 
m memory, the CPU 1 Q 2 controls the reception and manipulation cf input d 
ata, ana the output and display of data co cntpot devices. 
CPU 102 is coopled bi-directionally with a first primary Storage 101. 
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typical It a Jacdcc access nencrj (SAM), and oni-d i rec t icaa Mr eith a sec 
Dnd primary storage arcs 106. typically a read-coif memory (KOTvi) t via a 
memory bus 1(18. As is well lccvr> in the art, primary storage 104 cae be 
cscd as a general storage area a b d as scratch-pad memory, and cas aisc 
be esed tc stcie input nala acd processed data, II can also store prcjr 
arnmiog instructions and data, in the fern? cf d a I a objects ; ic addiiicn t 
c other data and instrocticts fcr prccesses operating en CPU I§2 ; and is 
»scd typically n s e d fcr last t r a a s f e t g f data and iastractiens in a b i - 
directicnai manner cvtT ifee memory bos 198. Aisc as veil knevn i D the a 
rt, primary s? i c rape 166 typically i jj c ! e d e s basic operating i n s t r b ct i o q s , 
prcgias? cede, sata and objects used by the CPU 102 ic perform its fofici 
ions. Primary storage devices 104 ana 106 ma? inclade any suitable ccmp 
nter-readable storage oedia. described beics T depend iag en whether, fcr 
example, data access aeeds :c be bi-directional or uo : -i i rect i csa ! . C PIT 
102 can aisc directly and very rapidly reprieve and stcie frequently ne 
ederi data ic a cache memory 110. 

A remcvable mass storage device 11? provides additional data storage c 
apacity fcr the ccitpeter system 100, and is tuple* eitlcr bi-d i rec t icoa 
iiy or Bci-dire ciicnai iy tc CPU 105 ria a peripheral bus 114. For exam? 
ie. a specific referable mass storage device commonly kno&a as a C3-X0M 
typically passes data in i d: rec ! i ona 1 1 y tc the CPU 102. whereas a floppy 
disk can pass data b i ~d i recticoally tc tie CPU 102. Storage 112 may al 
so inciode computer - reada b ! e media such as magnetic tape, flash memory, 
signals embedied co a carrier *a?e. PC-CARDS , portable mass storage der i 
ces. holographic storage derices. and ether storage devices. A filed mas 
s stcrafe 116 also prevides additional data storage capacity aed is ccip 
led bi-directionally to CPU 102 ria peripheral bus IN. The nest ccmmcA 
example of mass storage 116 is a bard disk drive. Generally, access to t 
be se media is slower t hi a access tc primary SLcrages 10-1 and 106. 
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Mass storage 112 and 116- generally s t c r e additional programming instruct 
ions, data, and tfce like that typically are net id active use by toe CPU 

102. It will be appreciated that the iefcrmaticc retained within mass 
storage 112 and 116 cay be incorporated . if Deeded, it standard f a £ h i c u 
af part cf primary storage 1 E) 4 (eg. RAH; is tirtaai Eceaury. 

In addition £ c prcriding CPU 102 access to stcrage subsystem, the per 
ipheral bns 114 it used tc provide access ether subsystems and devices a 
s well. In the described embodiment, these include a display men iter II 
8 and adapter I2IL a printer device I22 T a ce^crl interface 1 2 4 T ao aui 
iliary inpat/cutpet derice inteifacc 126, a scuid card 128 and speakers 
130, and other snbsysteras as needed. 

The netveri interface 124 aliens CPU lfi2 tc be coupled tc ancther cenp 
n t c r , ccmpnttr net^urk, er t e ie common i c a i i ca = ne:*crk using a q e t tss r ^ C c 
d n € c t i d c as shewn. Tfeitngb :he network icier face 124, it is contemplate 
d that the CPU 102 might receive i a f erica t i cc , e.g.. data objects cr p i eg 
rani i os t r u c t iens . ircm another Betters, cr might catpst information tc a 
nether network in the course of performing the abor«-de sc r i bei methsri st 
eps. I n f c rma t i cn . cfiea represented as a seaieace cf instruction? tc be 

eiecatea cn a CPU* may be received ficm aad output fed tc another aetwer 
k. for example, in the fens cf a csnspucr data sigaal cmsciied in a can 
ier ware. An interface card or similar device and appropriate software 
implemented by CPU 192 can be used tc connect the conquer system HO tc 

an external network and t t a g s f c r data according tc standard protocols. 
That is, method enbediaeats cf the prcseat mention may execute sclel 
y open CPU 1 0 2 T cr may be performed across a network such as the interne 
t. intranet networks, or local area networks, in ccfljBoc'Lica *:ih a remc 
te CPU that shares a portion cf the processing. Additional mass stcrage 

devices (not shorn) may also be coonec/ted to CPU 102 through network in 
terface 124. 
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Aosiiiarr I/O depict interface 126 represents general aos c t s t cm ; z e d i 
ntcrfaces that allow the CPU 102 tc send and . mere typically, receive da 
ta from ether de?iccs s c c h as tic r ephenes , tccch-sens 1 1 i *e displays, tra 
osdocer card readers, tape readers, vcice cr handwriting reecgn!ie:s ; bi 
a me t r i c s readers, r ame i a s t portable mass sicrage devices, and ether comp 
titers . 

Alsc coupled tc the CPU I C 2 is a keyboard ccctrcller 132 ?i? a Ucal b 
6S 134 f c t receiving i n pa t front a keyboard 136 cr a pcinier device 138, 
and sending decoded symbols from the keyboard 135 ci pcistei device 138 
tc the CPU 102. The pointer device cay be a incuse, styles, track ball, 
cr tablet, and is useful for interacting *i t h a graphical cser interface 

Ie addition, embed imen • s cf ice present lev tat ice f&rther relate tc cc 
motiter storage picdads t ; t h i ccmpittr readable mesiEm that contain pre 
gram cede for performing vjiicas ccmpa t c r- imp 1 e aoe a ted cp«raticfiS- The c 
cmputer-reaaable medium is any data storage deticc that can stc-re data % 
kich cac thereafter be read by a compiler STsitE- The media and pr cjf ran; 
cede ie a J be these specially designed aca coast rue ted fc: the por poses c 
f i:iie present ioTeniicn. cr they may be ol the Wii *ell fcne^n rc these 
cf cralcary ski I: in the computer scftwarc arts. Examples cf comas: c:-r 
eadable media include, bat are act limited to. all ifee media meot'cned a 
hc7e: magnetic media such as hard iisks, floppy disks, and magnetic tap 
e; optical media socb as CD-ROM disks; magoe tc-cpi ica 1 media sech as fic 
ptical disks; and specially configured hardware devices such as applicat 
ice-specific integrated circuits (ASICs), p; cgiaJinub i e logic devices (PL 
Ds) . aod ROM and 5AM devices. The ccmp oter-i eadable medium can alsc be 
distributed as a data signal embodied in a earriei vavc o*e: a network o 
f coupled computer systems so that the compn i e r-i eadab 1 c cede is stored 
and deemed lo a distri bated fasiiicn. Eiampies of program code loci tide 
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bctb machine cede, as produced, for example, bj a compile;, cr files cc 
ntaioicg higher le?el cede that may be executed using as ifltcrprctcr. 

It rill be appreciated by those skilled ic the art that the above desc 
iibed hardware and scftFare elements are cf standard design isd censtrue 
lion. Other computer system' snitahle for use with the iovcniicK nay i d c 
lode additional cr fercr SEbsysterrs. In addition, nencrt b e s 10S, pcripfe 
eral bus IN. and Iccal bos 134 are illustrative of any LDicrccoructicn 
scheme $ c r t i og tc Link the subsystems. Fcr eiaaipie, a Iccal bus ccold b 
e ased to connect the CPU tc fixed mass storage 116 and display adapter 
120. Toe computer system <bc?D in FIG. i is bat ac example cf a c&tTjpoic 
i system ssitable fcr use *itk - ne indention. Other computer architect i 
res ha « iag differ eat ccefigaratiens cf sjbsystess may alsc be ntilijscd. 

I c a described e mb c d i me n i c i the preseet i n ? e n : i c e , tie i g t e c t i c & is g 
eoerally applicable tc aad described in terms cf computer systems irapiem 
entiog a Java Plaircnn based distrfbeted arehi tectare . HGweser, as *i!f 
be sees in the following description, tfee ccfictpts and methedoicgies of 
the present l n v e d t ion shoola net be ccns-riied t u be limited tc a { a u P 
latfcifli based d i s t r i b b t e d architecture. Such an architecture is used on 
ly tc describe a preferred embc d ime a t . A distriboted Java piaifcrm impl 
eKtDtatica may have many different types cf hardware, cpcriiisg systems, 
and even Java Virtual Machines (VMs) . The refers it may be necessary tc 
debag a program running co a remote system, baring completely different 
architectare. Also, in many instances it is preferable tc actually loa 
d a main debugger program cd a separate computer system sc that the targ 
et system can be debugged in a state as close tc possible tc Its "origin 
aT state. As shown io Figure 2a T the Java Platform Debnggci Architcctu 
re (J PDA) supports Icca! and remote debugging by defining three separate 
interfaces. The Java Piatfcrm Debugger Architecture defines a set cf in 
terfaces used in the creaiioo cf debugger applications. It consists cf 
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the Java Dcbog Interface" (JDi) aril the Java Debug Wire Prciccc) ()DWP), 
asd the Jaia Viiual Machine Debog Interface [ JYMDI) . The J PDA prcvides 
a scloticis tc L h e general connection problems encountered by debugger a 
ppjicaticos. 

In the described embed imeot T cn a first ccmpntcr s?$iem : a Jara sebegg 
er tubs cq a lirst JaTa Virtual Machine (VM) . A Java VM suitable fer oj 
e in the described cube d imea t ct the preseei iincnticn is shc^n and d e s c 
ribed in Figure 4 belc*. The debogger p:cg:am has a f r o e t -c h d component 

(hereinafter Mrcm-CDa'} that implements a b I ? t - 1 € v e ! Jara Debug Inter 
face (JB1). A debagger application which prcvides a user ioteriace. is 

a client cf the JDI . The debugger ii the process that is being debegge 
d. and it consists of the app'icaticn being de&oggca , a secced Jara Yir 
tual Machine running the a pp 1 i c a t i be . and a 3 b act-c a f~ debugger agent (h 
ereinilier ' hac t-end' } . The bact end is responsible fcr c caimt n 1 c a; i ng r 
eqoests from tie debugger front-end tc the deboggce (VS) and izr c cisrnn e i 
eating the r es pen s c Lo the reruest? back tc the ficit-end. The back-eta 

ccranmn icates with the frcnt-end o?er a c cec^cd i ca ; i c ns chaniel ssing the 

JaTa Debng Wire Fr«icccl 'JDWP). The back-end c sateen 1 ca ■ es *iih the de 
b«ggee VM nsing tic Jim Virtual Machine Debng Interface CJVMDI). 

Figure 2b is similar tc Figare 2s bat shews :«c adalticDal ccmpsneats 
needed tc enable the present invention pins transpor; tac d e I e « - The t*c 
additional logical components are a frcnt-eai JSWP processing mcdale and 

a back-end JDWP processing mcdale. One of the goals of the de&ogger pr 

otcccl generate! cf the present invention is tc generate frcat-end and b 

ach-ena JDWP processing modules. The logical components shewn in Figure 

t 

lb are basic components for ffhich venders can prciidc their c*n Lmpieme 
niatioDS- The frcot-eos and hack-ena t i a n?pc r t nc dn I es implement a tran 
sport mechanism, such as shared memory, socket, cr serial hne- 
Tins, as is sbcffn :n Figures 2a and 2b ; the Ja?a Platform Debugger Arc 
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hitectare presides three separate aod d i e t i d c t interfaces foi debugging. 

Third — party venders can cheese which inteiface level best suits their 
seeds and ffrite a debugger application accordingly. Spe c i f i ca 1 1 j f the ) 
Df is a 100% Java platform interface implemented hy the frcnt-eod, vbich 
defines ialormalicu and requests at a high level. Ftn fenders *hs wish 
1c concentrate en a graphical isei interface for the J CPA, the? only d 
ecu to e s e this level. 

The JVMDI interface is a Dative cede interface inp 1 emeet eri hy tfce debo 
f gee VM. It defines the services that a VM mo s t provide fcr debugging a 
n d includes requests fcr lofcrmaticc, actions, aad oc t i f ica i i c cs . Specif 
yiQg the VM interface fcr a debugger 2 1 lews any VM imp 1 trcen t a t i cn tc pin 
g into the J PDA - The back-end may be written id ncn-na£ive cede, but ei 
perience has shc*o that debegge: ssppcri cede xnaning sharing the same V 
M services as the debuggee can caose deadlocks aod ether andesired beha 
v i c r . 

The JBWP defines the fcr oat c£ iifcrioaiicn and requests transieried be 
t*cen the frcot-cno aDd the bad-end. ft dees net specify the transport 

mechaaisiQ used tc pays leal I v t r a n s rn : : the fcr matted infer ma ties, that i 
s T the fcrm of inter -process cdamon i cat : ca (IPC) is net specified. Diff 
ereai transport me c b a n 1 s m s ma? be nscd such as sscSets. serial line, sha 
rtd memcry, etc. The specification cf the c cmmin ica t i cs protocol a I lews 

the dehnggce and the debugger front -end tc ran aade: separate VM imp tern 
entatiGDS aod/cr cn separate piatferms. Aisc. by defining an intermedia 
te interface, the frc-nt-end may be w 1 [ ^ t e a in a language other than the 
J a 7 a language, c r the bad-end i n a n - n a 1 1 v e cede (i.e. Java language cc 
de), Note that d n e tc the nse cf distributed interfaces, a VM vender tb 
at dees net wish tc adhere tc the JVMDf interface can e 1 1 : 1 provide acce 
ss t i a the JDWP. 

By defining three separate inter facet, the Java Pt at fcrm Deb agger Arch 
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i tec tore, J PDA overcome? many limitations associated \?itli pricr an debs 
gger systems. The present inrenticn addresses the prcbicrc cf dccsmeotU 
g the interface and cf managing compatibility across multiple platforms 
and programming languages at the JDWP le?ei. Becaase the JDI acd JVMDI 
layers are c c a?e n t i cca 1 p r e ? r atcm i n j interfaces, the c erapa t i b i I i l ? a od dc 
coiDCQia t ic a problems are less severe and mere amenable tc ciistiog teds 

Tie c cmpat i b i 1 i t y and dccuiceataticn prcbleras are solved by generating 
compatible cede and d c c time a t a t i d d frorc a single specification SGurce. M 
ere specificaiiy. this involves generating a frcnt-end J DWP p r g c c s s i n g c 
cdnle { w b i c h b e c c me s part cf the frcnt-end imp ! eraeata 1 1 c s in the Java ia 
ngaage), a back -end JDWP prccessing racoEie {thick fiii becciie pail Gf th 
e bact-end imp 1 eme at a t i c n in the C language), and HTML a'cesiEea ta i i Q n if 
the p i G I c c c I specification. 

The tasks performed by the generated frcnt-end ]W? processing Efidule 
caa be placed generally is uc categories. Oae category relates tc e?so 
ts generated i o the debnggee V.M. which nu s i be sent tc the f ronl-ead ibr 
cngh the back-end. The f roa t end JDWP processing arcdulc: 0 rcaas and p 
arses JD^P f c rnia tied eveats frcm the back-ecri: 2) cenveits the erenis in 
lo JDI eTents: and 3) qoenes the events. The c t Ste r category relates ic 
reqeesis made through the JDI by the debugger application. The froat-en 
d JDWP processing module: l) writes JD^P fci matted requests to ike ?ire. 

sending them to the back-eod: 2} associates the appicpriatc reply to lb 
e request: 3) reads and parses the reply; and 4) delivers the reply to t 
he requester. The back-end JDWP processing mcdale must hanilt the ether 

end cf the c emmn o i ca t i o & . so it toe has t*c categories of processing. 
For eient processing, the back-end JDWP processing module writes the zjz 
at (which was generated tbroogh the JVMDI) tc the ffire T sending it tc tb 
e frcfli-end. Foi requesting processing, the back-end JDWP processing nic 
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dnje: 1} reads and parses JDWP formatted reqeests frcm the irnnt-end; 2) 
forwards the request tc Gther back-end code, which will generate a repi 

y; 3) writes the reply tc the wire, sending it tc the Ucnt-enti. 
Without a mechanically assured consistency between the JDWP speeificat 

ion. deenmeo t a t i cn and implementation cede, it is unlikely that the ja?a 
Platform Debnggtr Architecture could evolve into a workable malti-Fccdc 

r strategy. Thus, the present invention enferces a formal s pec i f i ca t i co 
cf the inter face and thereby aids its evchtion. The related art has nc 

i been designed to solve this problem in that it dees net generate debug 

gei implementation cede and is not streamlined tc the problems cf debegg 

eis. 

As shewn in Figure 3, a JDWPCcb program parses a fcrmai specification 
cf the JDWP (JDWP. spec) , and from the specification generates: f) the pr 
ctccoi documentation (JDWPde : a : 1 s . him ;} s the f r c n t - e o q JMP prccessiog m 
cdnle (JDVP.jafa}, and a C I sag a a ge 'iaciede" file (JDWPCcns tan: s .h} *hi 
ch ccatrcls the behavior of the back-end JDWP processing mcdaie Cwhich i 
s presently manually *rittc*;. Since both the JDWP.java and JDWPCcnsian 
ts.h are geaerated ' r cnt the same specification, ir is much easier tc * de 
bog' the debugger cede, a fid LC produce new ?ersicas cf the JDWP without 
haying ;c rewrite i*c se?a:a;e prcgraais- 

In one embodiment of tbc preseet ioveotion, a specification language i 
s defined sc that the JDWP specification can be precisely iaterpreted by 
JDWPGen. This purely declarative langaage is the JDft'F specification la 
ngnage. and is described belcw. The syntax of the jDft'P specification la 
ngoage primarily ccasists cf parenthesized Siateacnts with the general f 
crm: epen parenthesis, statement type, arguneut list and close parenthes 
is. The a r genie o t list often consists cf statements. The exact nesting t 
hese statements may hate is highly constrained a a d is defines precisely 
by the following grammar for the JD^P specification iaaguage: 
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SPECIFICATION ' 

NAME COMMENT SETLIST 

SETLIST 

SET 

SETLIST SET 

SET 

( CcireunriSci NAMEYALUE COMMANDLIST 5 
( Cc ast 3 ni Set NAME CONSTANT! I ST J 
COMMANDLIST 

COMMAND 

COMMANDLIST COMAND 

COMMAND 

C Ccmmaad NAME VALUE COMMENT COMMANBBODY ) 
COfflUMBODY 

C Oot STRUCTURE } [ Hep ! f STRUCTURE ) 

( Ereat STRUCTURE ) 
STRUCTBUE 

ELEMENT 

STRUCTURE ELEMENT 

ELEMENT 

( DATATYPE NAME COMMENT } 
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( Gr cop -NAME STKUCTB1E ) 

( Repeat NAME COMMENT ELEMENT ) 

( Select NAME SELECTOR ALTLIST ) 

SELECTOR 

( 1NTEGKALDATATYPE NAME COMMENT } 

ALTLIST 

ALT 

ALTLIST ALT 

ALT 

C Alt NAMEVALUE COMMENT STTJCTuiE ) 

DATATYPE 

[NTEGRALDATATYPE 

be G I e an 

object 

tire adOb j cct 

ih readGroipOb iect 

ai r a y Ob ject 

st riogOb ject 

c!as<LcaderOfe;ect 

classOb:e:t 

r cfereoceType 

r e f e reaceTvpe ID 

c las s Ty p e 

inter f aceType 

a i :a 7T7 pe 
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me t bod 
fids 
frame 
string 
> a I uc 

1 C C 3 t I C D 

t a ? ged-cfc ject 
icfercDceTrpelD 
type d-seo acne « 
tntag? c d-Ta I ae 
INTEGRALDATATYPE 
in: 
1 c n g 
by;e 

CONSTANTUST 

CONSTANT 

CONSTANTLIST CONSTANT 

C0N5TANT 

( Cc aslant NAk'EYALUE COMMENT ) 
NAMEVALUE 

NAME - NUHBEE 
NAME - NAME 

The symbols in ali capital letters arf nc n- 1 e r mi oa 1 £ and all ctke: srmbc 
Is are terminals. Ngb-1 e imi Qa I s are defined vitbia the grammar except f 
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gi tfee fencing: 

NAME a scqBcncc of ltutrs 

NUMBER a scqncoce of digits 

COMMENT arbitrary text Mtbin double quotes cr nothing 
Scmaoiirs cf Specification Language 

A request command specific* a icq a est f c r infection ma lie by the ires 
t-eari vfc e i e the Oct sect ion exactly specifies the format cf 1 6 e data rha 
t mates np the reqeest and the Eeply sectiGo exactly specifics the fcrma 
t cf t b e data that be rctorced by the back-end. Aa ereni ccinnafid e 

xactly specifics the fcrinat cf data ic an evert emanating f r era the back- 
end. Constants specify specific values fcr ase within ccramands. 

In the present embodiment. JCWPGcn employs a recursive riescenr parser 
tc parse the JJ5W? specification, *bich is written in the jDWP specHicat 
ica language. Grher parsing tccbslq&es cculd be used as we i 1 . such as a 

generated LALR [1} parser. The parser coastiucis an abstract syntax ire 
e represents t ten cl the spec: ficaiicn. Each cede in the tree is an ebjee 
t that encapsulates the actions needed to generate the tutpot? for that 
ncde. The cedes ecuespend directly sith statements is the lapel specif 
i c a t ice. A ! I f Either prccessing is a ccotap i i s he d by 3 *a 1 ti ng = this abstra 
ct syntax tree- Several passes are used to rescue names and check fcr 
errcis. Finally, the tree is walked three more times tc generate the no 
tpots: ence tc generate the Java class Thich is nsed by the f rent -end tc 

send and receive infGrmaiice across JDffP: Gace to generate tbe C inclod 

e iiie containing the defiaitiens used by the back-end tc send and recei 

ve information acrcss JDWP; and ence tc generate the published hsmaa-rea 

t 

dable specification doenraeo: in HTML. 
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Figure 4 is a diagrammatic representation ci a virtual machine, such a 
s a JVM, tbat can be scppcrted by computer system 100 cf Figure 1 descri 
bed above. Source cede 401 is prcfidtd tc a bvt e cede ecmpiler 402 wit hi 
q a ccrap i I e-t iaie environment 4 0 9. B f t c c c d c ccmpiler 4 0 3 translates sour 
ce cede '101 into byteccdes 4 Q 5 _ Id general, scarce cede 401 is t r a u s I a t 
ed iotc byteccdes 405 at the time scoice cede 4&1 is created by a soft??* 
re d e t e I cper . 

Byteccdes 405 can generally be reproduced. do^nUaded. or cihemse di 
stribated tlircogh a net^crk, e.g., through network interface 124 Gf Figa 
re l T er stored cd a storage device sach as p x Iina r y storage 164 cf Figur 
e I. Id the described embed imeo i , byteccdes 405 are platform itdependen 
t. That is, byteccdes 405 mar be executed c c sab s t ao t i a 1 iy any c caspn t e r 

system that is running a suitable virtual machine. Native : n s t f ct t i cn« 

formed by compiling byteccdes may be retained for later use by the JVM. 
in this way the cesi cf the translation are amortized ever multiple ei 
ecutiens tc provide a speed advantage for sative cede ever interpreted c 
ode. By way cf example, in a Ja *a (t ridema rk) eci i r cedent . byteccdes 405 

C3B be executed cd a computer system that is running a JVYi. 
Byteccdes 4 91; are provided tc a rautiaie eav [ rcninent 413 irbich includes 

a virtual machine 411. Ran time CGTirGctnest H3 can generally be execut 
ea osing a precessci such as CPU 162 ef Figure 1 Virtual machine HI in 
eludes a c era pile: 415, an interpreter 411, and a r e a i i me system 419. By 
te cedes 405 can generally be provided cither ic compiler 415 cr icterpre 
ter 417. 

When bjtecodes 40 5 are presided tc ccmpiler 4 i 5 T methods contained in 
byteccdes 405 are compiled iotc native machine instructions (net shown). 
On the other band, when byteccdes 4(15 are provided to interpreter 417. 
byteccdes 405 are read intc interpreter 417 ooe bytccode it a time. Id 
terpretei 417 then performs the ope ratios defined b v each byleccde as ea 
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c h byttccdc is read iotc" interpreter 417. Id g e fi e r a 1 : interpreter 417 p 
recesses hyiercdes 4 0b aed performs operations associated vitb fcyteccdes 
405 substast ia I ! y c cd t i coco s ( y . 

When a method is called frca; an operating sjstem 421. if it is determi 
ned that the method is tc be invefeed as an interpreted met ted. t c c t i me 5 
ystem 419 can obtain the metric:! f r ctp interpreter 417. If, cb tie ctfeer 
band, it is determined tfeat the method is tc be trucked as a compiled me 
thed. i d q 1 1 me s y 5 1 ere 419 activates compiler 415. Compiler 415 then f enc 
rates native machine insirictions f r cm byteccdes 405. and executes the in 
achine-laogeage instruct icos . In general, the ma chine-la ngoage i est met 
iens are discarded when virtus! machine 411 teriuiaates. The operation c 
f virtual machines cr, mere pa r * i c a ! a r 1 y . J a?a ( t r adema ri} virt&ai machin 
es. is described is mere detail io The I a?a (t rademark) Virtual Machine S 
pecificatfcn by lira Lindbclm and Fraek Ycliia (ISB.X G Z6 1 - 6345 2-X) s whic 
h is incorporated herein by reference in its entirety. 

These skilled in the art wiit appreciate that rariens adaptations 2 q 3 
racaificatiens of the jnsi-tiescnbed preferred embodiments can be ccafign 
red Tlthcst departing from the scope and spirit or the ingestion. There f 
ere. it is tc be Dnderstccd that, *rialn the scope of the appended claim 
s, the in fee ticn cay be practices Gtfier than as specifically described h 
e i e i n . 

4. Brief Description of Dra^iogs 

Figure 1 is a block diagram of a computer system suitable fci imp! em en 
ting the present invent i g n ; 

Ftgare 2a is a diagram illustrating the Java Platform Debugger Archite 
c t n r e ; 

Fignre 2b is a diagram illustrating the J a r a Platform Deboggs: Archite 
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etire shewing ]DWP piGccssing mc d e i c E cf the present i b v e d t i c n : 
FigBre 3 is a diagram illustrating c&e i n p b t acd cutpois cf the defeugg 

« r prctcccl geaerater cf the present i e * e n t i o s ; a e d 
Figure 4 if diagram cf a Java VifUai Machine suitable lor use in enc 

implementation cf toe present invention. 
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1 . Abstract 

A metncd fci automatically generating front-end cede asd hack-end cede 
that arc bcth compatible with a specification, such as the JDft'P ccmmnni 
cation arctced. First, a detailed picLcccl s pec i f i ca t i cd is written ih 
at contain* a description cf an c ommaa i c a 1 i c o prctecol betveee the front 
-esd cede and t be bact-enrl cede Tb e detailed specification is then inp 
at into a cede generator that parses the specification. The front-end c 
cde is the* a nt cma 1 i ca 1 ! > generated f f cm the fcrmal specification, and m 
a? be siitteB in a first ccrepBtcr laogcagc Sach as the Java (t raaema r k) p 
tg graining language. The cede generator tfeco generates the back-end ccd 
e, which may be written in a second computer langeage such as C. 
1 . Rep reseBtat i tc Drawing 

Fig- 2a 



